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Background: Complete revascularization with PCl is not always achieved in patients with ischemic HF. Therefore,
this study aimed to elucidate the prognostic impact of residual coronary stenosis (RS) after percutaneous coro-
nary intervention (PCI) in patients with ischemic heart failure (HF).

Methods: We analyzed a total of 1307 patients with symptomatic HF and a history of PCI registered in our Chronic
Heart Failure Analysis and Registry in the Tohoku District-2 (CHART-2) Study. RS that was defined as the pres-
ence of 270% luminal stenosis in major coronary arteries at the last coronary angiography.

Results: Among the study population, 851 patients (65.1%) had RS. During a median follow-up period of 3.2 years,
patients with RS had higher all-cause mortality than those without it even after propensity score matching (21.9
vs. 11.6%, log-rank P = 0.027). Multivariable Cox hazard analysis also showed the negative impact of RS on all-
cause death in ischemic HF patients [hazard ratio (HR):1.62, 95% confidence interval (CI): 1.07-2.46, P =
0.024]. Importantly, when divided all subjects into three subgroups by left ventricular ejection fraction (LVEF)
[LVEF < 40% (HFrEF), LVEF 40-49% (HFmrEF), and LVEF > 50% (HFpEF)], inverse probability of treatment
weighted method provided a similar result that RS after PCI was an independent risk factor for death in the
HFpEF [HR(95%Cl); 1.94(1.22-3.09), P < 0.01] and HFmrEF [4.47(1.13-14.98), P < 0.01] groups, but not in the
HFIEF group [1.20(0.59-2.43), P = 0.62].

Conclusions: These results indicate that RS after PCI could aggravate long-term prognosis of ischemic HF patients

with moderate- to well-preserved EF, but not those with reduced EF.

© 2018 Published by Elsevier B.V.

1. Introduction

Heart failure (HF) is an epidemic healthcare problem worldwide, as
called HF pandemic [1]. In particular, an increase in the incidence of HF
has been reported in patients with acute myocardial infarction, in ex-
change of improved mortality due to better implementation of coronary
reperfusion therapies and evidence-based medications [2]. Also in
Japan, we demonstrated the temporal trend for increasing incidence of
acute myocardial infarction but decreasing incidence of in-hospital
mortality during the last three decades [3]. We also demonstrated an in-
crease in the prevalence of coronary artery disease (CAD) as an etiology
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of HF in our Chronic Heart Failure Analysis and Registry in the Tohoku
District 2 (CHART-2) Study [4]. Thus, CAD is the major cause of chronic
HF worldwide [4,5].

For patients with moderate to large myocardial ischemia, the coronary
revascularization strategy with percutaneous coronary intervention (PCI)
and/or coronary artery bypass graft surgery (CABG) is indicated to ame-
liorate myocardial ischemia and cardiac function [6,7]. Although complete
revascularization is ideally desirable in those patients, it is not always
achieved in clinical practice, especially in patients with PCI as compared
with those with CABG [8]. Moreover, incomplete revascularization after
PCI has been associated with an increased risk of adverse cardiovascular
events in several observational studies [9,10], and subgroup analyses of
randomized trials [11]. However, in the subjects of those studies, patients
with overt HF were the minority or excluded from the enrollment. Then, it
remains to be fully elucidated whether residual coronary stenosis (RS)
after PCI impacts on the long-term prognosis of patients with chronic
and symptomatic ischemic HF. In the present study, we thus addressed
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this important issue in our CHART-2 Study, one of the largest prospective
observational multicenter cohort studies in the world [4,12-14].

2. Methods
2.1. The CHART-2 study

The CHART-2 Study is a prospective observational multicenter cohort study, and
details of the study design have been described previously (NCT00418041) [4,12-14].
Briefly, in the CHART-2 Study, 10,219 consecutive stable patients aged > 20 years with
either CAD (Stage A HF as defined according to the ACC/AHA guidelines [15], n = 868),
asymptomatic structural heart disease (Stage B HF, n = 4514), or a current or past history
of symptomatic HF (Stage C/D HF, n = 4837) were registered from the 24 participating
hospitals between October 2006 and March 2010. The diagnosis of HF was made by
attending experienced cardiologists based on the criteria of the Framingham study [16].
All of the patient information, including demographic, medical history, laboratory,
echocardiographic and angiographic data, was recorded at the time of enrollment, and
thereafter clinical information has been reviewed annually by trained clinical research
coordinators. The study protocol was approved by the local ethics committee of each
participating hospital and written informed consent was obtained from all patients
(UMIN:000000562).

2.2. Study design

In the present study, we enrolled the patients with chronic and symptomatic ischemic
HF who had received at least one prior treatment with PCL. The study flowchart is shown
in Fig. S1. Among all cases of the CHART-2 Study, 4859 patients had a current or previous
history of symptomatic HF. In those stage C/D HF patients, 2452 had ischemic heart disease
defined by the presence of CAD or a history of previous myocardial infarction. From these
patients, we excluded the patients as follows; those who did not receive any revasculari-
zation (n = 467), those who underwent CABG (n = 411), and those without any angio-
graphic data (n = 267). Then, we finally evaluated 1307 patients with ischemic HF and
a history of PCL RS after PCI was defined as the presence of >70% diameter stenosis in
major epicardial coronary arteries or >50% diameter left-main trunk stenosis observed at
the last coronary angiography at the time of enrollment [17]. RS was visually evaluated by
attending experienced cardiologists. Hypertension, dyslipidemia and diabetes mellitus
were diagnosed based on the guidelines of the Japanese Society of Hypertension
[18], Japan Atherosclerosis Society [19], and Japan Diabetes Society [20], respectively.
Chronic kidney disease (CKD) was defined as an estimated glomerular filtration rate
(eGFR) <60 mL/min/1.73 m? [21]. Anemia was defined as hemoglobin <12 g/dL n fe-
males and <13 g/dL in males [22]. In order to examine the prognostic impact of left
ventricular ejection fraction (LVEF) in patients with RS after PCI, we divided them
into three groups by LVEF, based on the 2016 ESC guidelines [23]; HF with reduced
EF (HFrEF; LVEF < 40%, n = 169), HF with mid-range EF (HFmrEF;40 < LVEF < 50%,
n = 225), and HF with preserved EF (HFpEF; LVEF > 50%, n = 818).

2.3. Statistical analysis

Continuous variables were expressed as mean £ SD or median with interquartile
range as appropriate, and were compared by Welch's t-test. Categorical variables were
expressed numeral with percentage, and were compared by the Fisher's exact test. Inci-
dence of all-cause death was estimated using Kaplan-Meier curves and were compared
by the log-rank tests. To reduce confounding effects related to differences in baseline char-
acteristics between patients with and without RS in this observational study, propensity
score (PS) methods were used in combination with Cox regression model. For the calcula-
tion of PS, we used a logistic regression model in which the presence of RS was regressed
for the following 21 baseline characteristics; age, sex, body mass index, systolic blood
pressure, heart rate, hypertension, diabetes mellitus, dyslipidemia, current smoking, pre-
vious myocardial infarction (MI), previous stoke, atrial fibrillation, CKD, anemia, LVEF,
serum levels of B-type natriuretic peptide (BNP), use of beta-blockers, angiotensin
converting enzyme inhibitors (ACEI), angiotensin Il receptor blockers (ARB), statins,
antiplatelets. Goodness-of-fit of the logistic model was confirmed by the area under the
curve (AUC) of receiver operating characteristic (ROC) curve, and the Hosmer-
Lemeshow decile test. Kaplan-Meier curves were also plotted to evaluate the association
between RS and all-cause death in the PS-matched cohort using the PS-stratified Cox anal-
ysis. Furthermore, to reduce confounding in the time-to-event observational data, multi-
variable inverse probability of treatment weighted (IPTW) Cox modeling was also used
[12,24]. To examine the determinants of all-cause death, we used multivariable Cox pro-
portional hazard model and calculated Hazard ratio (HR) and 95% confidence intervals
(CI). We selected 22 potential confounding factors (21 baseline characteristics described
above and the presence of RS) by using stepwise variable selection procedure. When
performing subgroup analysis, the interaction between RS and predefined clinical
subgroups in their effects on all-cause death was assessed by the Cox model with interac-
tion terms.

A P-value of <0.05 and a P-value for interaction of <0.10 were considered to be statis-
tically significant. All statistical analysis was performed using IBM SPSS Statistics 18.0
(IBM, Somers, NY, USA) and R software (version 3.0.3) (R Foundation for Statistical Com-
puting, Vienna, Austria).

3. Results
3.1. Patient characteristics

Among 1307 patients with stable and overt ischemic HF, 851 (65.1%)
had RS after PCI. Baseline characteristics of the study population are pre-
sented in Table 1. Patients with RS were characterized by lower propor-
tion of female, higher prevalence of prior stroke and anemia, higher
level of BNP, and more frequent use of beta-blockers. On the other
hand, several factors, such as systolic blood pressure, heart rate, preva-
lence of prior MI and atrial fibrillation, and LVEF, were comparable be-
tween the groups with and without RS. After performing PS matching
for the entire population, 332 matched pairs of patients were identified.
For the logistic model to estimate PS, AUC of ROC curve was equal to
0.650 and the Hosmer-Lemeshow test provided P = 0.372. After PS
matching, baseline characteristics became generally comparable be-
tween the 2 groups (Table S1).

3.2. Clinical outcomes and prognostic impact of residual coronary stenosis

Kaplan-Meier curves for all-cause mortality of the unmatched and
PS-matched populations during a median follow up period of 3.2 years
are shown in Fig. 1. In the entire population, all-cause mortality was sig-
nificantly higher in the patients with RS as compared with those with-
out it (22.2 vs. 11.6%, P < 0.001) (Fig. 1A). Interestingly, the patients
with multi-vessel RS tended to have a poor prognosis as compared
with those with single-vessel RS (28.0 vs. 16.8%, P = 0.071) (Fig. S2A),
whereas the presence of chronic total occlusion (CTO), left descending
artery (LAD) lesion, or proximal lesion had no significant prognostic im-
pact (Fig. S2B, C, D). After performing the PS matching, a higher inci-
dence of all-cause death was still noted in the patients with RS (21.9
vs. 11.6%, P = 0.027) (Fig. 1B). Moreover, as shown in Table S2, the step-
wise multivariable Cox regression analysis also selected the presence of
RS as a predictor for all-cause death in patients with ischemic HF [HR
(95%Cl); 1.62(1.07-2.46), P = 0.024], in addition to other 7 prognostic
factors, including age, anemia, diabetes mellitus, heart rate, BNP, systolic
blood pressure, and statin use. To elucidate whether RS generated a
harmful effect in any specific conditions, univariable Cox model for
all-cause death was applied to clinical subgroups identified by patient
characteristics. As shown in Fig. S3, the Cox model consistently showed
that a worse outcome caused by RS was generally applicable in any sub-
groups, including age, sex, diabetes mellitus, previous M], atrial fibrilla-
tion, CKD, anemia, and serum levels of BNP. Accordingly, RS did not
significantly interact with any of those factors.

3.3. Prognostic impact of residual coronary stenosis by LVEF

We then examined the prognostic impact of RS by LVEF in the pa-
tients with echocardiography data available at the time of enrollment
(n = 1212). The prevalence of HFrEF, HFmrEF, and HFpEF was 13.9%
(n = 169), 18.6% (n = 225), and 67.5% (n = 818), respectively.
Among the three groups, the percentage of patients with RS was compa-
rable (HFrEF, 67.5%; HFmrEF, 61.8%; and HFpEF, 64.9%; P = 0.492).
Baseline characteristics of the entire population by LVEF are summa-
rized in Table S3. HFmrEF patients essentially had intermediate charac-
teristics between HFpEF and HFrEF patients. In fact, from HFrEF,
HFmrEF, to HFpEF, age, body mass index, NYHA class, systolic blood
pressure, and prevalence of hypertension were increased significantly,
whereas heart rate, prevalence of atrial fibrillation and CKD, serum
level of BNP, prescription rates of beta-blockers and ACEI were
decreased. The cumulative incidence of all-cause death by the presence
or absence of RS for each ischemic HF type is shown in Fig. 2. Intriguingly,
although the patients with RS had a worse prognosis than those without it
in the HFpEF and HFmrEF groups (HFmrEF, 24.4 vs. 9.9%, P = 0.008;
HFpEF, 20.3 vs. 10.6%, P = 0.005), we found no prognostic difference
between patients with and without RS in the HFrEF group (29.8 vs.
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Table 1
Baseline characteristics of the study population.
(—)RS (+)RS P value
(n = 456) (n=851)
Age (years) 68.7 +11.3 69.9 + 10.5 0.07
Female sex, n (%) 110 (24.1) 156 (18.3) 0.01
Body mass index (kg/m?) 241+ 34 241+34 0.98
SBP (mm Hg) 1274 £ 179 128.7 + 18.8 0.25
Heart rate (/min) 70.2 + 131 70.9 4+ 13.2 0.40
NYHA class, n (%) 0.21
I 159 (35.0) 252 (29.3)
il 260 (57.3) 525 (62.2)
11 32 (7.0) 67 (8.2)
I\% 3(0.7) 3(0.3)
Medical history, n (%)
Hypertension 412 (90.4) 794 (93.3) 0.07
Diabetes mellitus 206 (45.2) 418 (49.1) 0.18
Dyslipidemia 411 (90.1) 786 (92.4) 0.18
Current smoking 77 (18.0) 181 (22.4) 0.08
Previous MI 369 (80.9) 651 (76.5) 0.08
Previous stroke 66 (14.5) 183 (21.5) 0.002
Atrial fibrillation 84 (18.4) 180 (21.2) 0.25
Chronic kidney disease 198 (43.8) 423 (50.1) 0.04
Anemia 130 (28.7) 340 (40.2) <0.001
Laboratory data
LVEF (%) 56.6 + 14.1 56.1 + 14.2 0.62
BNP (pg/mL) 59.6 934 0.001
(25.6-147.3) (34.8-231.2)
Medications, n (%)
Beta-blockers 213 (46.7) 450 (52.9%) 0.04
ACEI 183 (40.1) 384 (45.1) 0.09
ARB 143 (31.4) 296 (34.8) 0.22
Statins 288 (63.2) 538 (63.2) 1.00
Antiplatelets 427 (93.6) 811 (95.3) 0.24
Residual coronary stenosis, n (%)
Number of vessels
0 vessel 456 (100%)
1 vessel 492 (57.8)
2 vessels 259 (304)
3 vessels or left main trunk 100(11.8)
Locations
Left descending artery 522 (61.3)
Left circumflex artery 366 (43.0)
Right coronary artery 395 (46.4)
Left main trunk 17 (2.0)
Chronic total occlusion 211 (24.8)
Time from CAG to enrollment 533 (111-1353) 180 (19-886) <0.001

(day)

Continuous variables are expressed as mean =+ standard deviation, except BNP levels,
which are expressed as median with interquartile range.

Chronic kidney disease was defined as an estimated glomerular filtration rate < 60 mL/
min/1.73 m?. Anemia was defined as hemoglobin < 13 g/dL in males and <12 g/dL in
females.

ACEl = angiotensin converting enzyme inhibitors; ARB = angiotensin II receptor
blockers; BNP = B-type natriuretic peptide; CAG = coronary angiography; LVEF = left
ventricular ejection fraction; MI = myocardial infarction; NYHA = New York Heart Asso-
ciation; RS = residual coronary stenosis; SBP = systolic blood pressure.

29.5%, P = 0.619). The IPTW method based on the weights given by the
multinomial PS also provided a similar result that RS after PCI was
associated with the incidence of all-cause death in HFpEF and HFmrEF
patients, but not in HFrEF patients [adjusted HR(95%CI): HFrEF, 1.04
(0.62-1.75), P = 0.885; HFmrEF, 3.90 (1.57-9.69), P = 0.003; HFpEF,
147 (1.07-2.03), P = 0.019] (Table 2).

4. Discussion

In the present study, we examined the prognostic impact of RS
after PCI in patients with stable and symptomatic ischemic HF in
our CHART-2 Study, which is the largest prospective observational
study for chronic HF in Japan. The present study showed that;
(1) RS after PCI was significantly associated with the incidence of

all-cause death in patients with overt ischemic HF, (2) the prognos-
tic impact of RS after PCI was equally noted even if the subjects were
divided into various subgroups by age, sex, diabetes mellitus, previ-
ous M], atrial fibrillation, and CKD, with the exception for LVEF, and
(3) patients with RS after PCI had a higher mortality in ischemic
HFpEF and HFmrEF groups, but not in ischemic HFrEF group, who
had a worse prognosis irrespective of the presence of RS.

4.1. Prognostic impact of residual stenosis in patients with coronary artery
disease

PCI is a frequently used revascularization procedure for CAD pa-
tients. However, incomplete revascularization occurs more frequently
in PCI patients than in patients treated with CABG [8]. Even in the era
of drug-eluting stents, incomplete revascularization was performed in
69% of multivessel CAD procedures enrolled in the New York State reg-
istry study [9]. Thus, although several studies addressed the prognostic
importance of PCl in HF patients, the results were inconsistent. Previous
randomized control trials showed that in patients with STEMI and
multi-vessel disease, multi-vessel PCI significantly reduced a risk of
adverse coronary event as compared with revascularization of culprit
lesion alone [25-27]. For patients with non-ST-segment elevation
acute coronary syndrome (NSTE-ACS), a small observational study did
not show any difference in the incidence of adverse cardiac event
between patients with and those without RS [28], whereas the post-
hoc analysis of the ACUITY trial showed that RS was associated with
an increased risk of adverse coronary events [11]. In patients with stable
CAD, RS also has been shown to be associated with an increased risk of
long-term mortality after PCI [9,10]. However, in those studies, the
majority of study population had no overt HF. Thus, in the present
study, we examined the prognostic impact of significant RS in patients
with overt ischemic HF and a history of PCI in our CHART-2 Study,
where we noted the presence of RS in two-thirds of our entire subjects.
In general, the reasons for incomplete PCI may include the presence of
one or more chronic total occlusions, the presence of serious medical
conditions such as severe CKD or severe LV dysfunction, or the decision
to treat only the “culprit lesion” that is thought to be responsible for the
symptoms. In fact, in the present study, as compared with ischemic HF
patients without RS, those with RS were more likely to have a history
of stroke, renal insufficiency, anemia, and high serum levels of BNP,
and to be treated with beta-blockers. These results suggest that the pa-
tients with RS have more serious atherosclerotic change and HF. To
account for those differences in baseline characteristics between the pa-
tients with and those without RS after PCI, we have used multivariable
and PS analyses. Accordingly, even after adjustment for baseline differ-
ences, patients with RS had a worse prognosis than those without it.
Furthermore, RS after PCI independently correlated with an incidence
of death in patients with overt ischemic HF, in addition to other
established predictors of HF, such as age, anemia, diabetes mellitus,
heart rate, serum levels of BNP, systolic blood pressure, and statin use
[13]. Thus, our findings that RS after PCI could be an important prognos-
tic factor for future risks could be useful in the management of patients
with ischemic HF. In the present study, due to the large-scale nature of
the study with many participating hospitals, severity of residual stenosis
(RS) was evaluated through visual confirmation but by experienced
cardiologists. Thus, we were unable to assess the severity and complex-
ity of RS quantitatively with residual SYNTAX score or SYNTAX revascu-
larization index, which are useful for predicting the mortality [29].
Furthermore, functional assessment with fractional flow reserve (FFR)
is more important to predict adverse cardiovascular events than
angiographical assessment. A recent study also supported the impor-
tance of functional complete revascularization with FFR guidance [30].
Thus, a prospective randomized trial with FFR measurement for RS
after PCl is needed to further evaluate the clinical importance of com-
plete revascularization in patients with ischemic HF.
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Fig. 1. Kaplan-Meier curve for cumulative all-cause mortality in patients with ischemic HF. All-cause mortality of patients with and those without residual stenosis in overall population

(A) and PS matched population (B). PS, propensity score.

4.2. Relationship between residual coronary stenosis and LVEF in ischemic
HF patients

The 2016 ESC guidelines proposed a new classification of chronic HF
by LVEF; HFrEF (LVEF < 40%), HFmrEF (LVEF, 40-49%), and HFpEF (LVEF
> 50%) [23]. We thus examined the prognostic impact of RS after PCI by
LVEF. The present results showed that RS was associated with poor
prognosis in patients with HFmrEF and HFpEF, but not in those with
HFrEF. This difference may be related to the amount of residual myocar-
dium. In addition to the degree and complexity of anatomical burden of
coronary atherosclerotic lesions, the myocardial viability is also an im-
portant factor for beneficial effect of revascularization. A previous
study showed that myocardial viability evaluated by non-invasive test-
ing was strongly associated with improvement of survival mediated by
revascularization in patients with chronic CAD, whereas absence of
myocardial viability resulted in no significant change in outcomes irre-
spective of treatment strategies [7]. Thus, viability of the myocardium
perfused by the coronary artery with RS might influence the results of
the present study; positive effects in ischemic HFmrEF and HFpEF, but
not in HFrEF. In the present study, since we have no data about myocar-
dial viability, we were unable to directly examine the effects of residual
myocardial ischemia.

In addition to ischemic burden, the prevalence of HFpEF has been in-
creasing recently [4,31]. In fact, nearly 70% of the present population
was classified as HFpEF. However, effective strategies still remain to be

[ wrer ]

established for the disorder [32]. The present finding suggests RS
could be an additional therapeutic target for patients with ischemic
HF. Indeed, it was previously reported that in 255 HFpEF patients with
CAD, complete revascularization by PCI or CABG was associated with
lower mortality compared with those with incomplete revasculariza-
tion [33]. Furthermore, in the present study, the negative prognostic im-
pact of RS after PCI was also noted in HFmrEF patients. We recently
reported that clinical features of HFmrEF are intermediate between
HFpEF and HFrEF, and a part of HFmrEF could dynamically transit to
HFrEF mostly within 1 year [14]. Thus, we should consider to perform
an additional revascularization therapy in patients with ischemic
HFmrEF with RS before the transition to HFrEF, as there might be less
prognostic impact of RS in this advanced stage.

4.3. Study limitation

Several limitations should be mentioned for the present study. First,
in the present study, we defined RS as the significant stenosis at the last
angiography at the time of enrollment. Thus, the follow-up period be-
tween the last angiography and the enrollment varied in each subject.
Actually, it was significantly shorter in patients with RS as compared
with those without RS, which might affect the results of the present
study. However, it is important to note that patients with significant
RS with shorther follow-up time had worse prognosis than those with-
out it with longer follow-up time, suggesting that the difference in the

50% ) 50% 50%
10 — (RS (n=55) ol RS (080 o) RS @=287)
£ 0% 1 —(+)RS (=114) 2 0% ()RS (n=139) £ %1 (RS (n=531)
= gy = =
S 30% S 30% S 30%
$ sgg | eEEoRP-0010 $ 0%, Logrank P=0.008 $ 20% | Log-rank P=0.005
3 S 3
< 10% Zz 10% Z 10% 4
0% - 0% 0%
o 1 2 3 4 o 1 2 3 4 o 1 2 3 4
Years Years Years
No. atRisk No. at Risk No. at Risk
(-)RS 55 53 45 29 6 (-)RS 86 85 71 56 17 (-)RS 287 280 257 197 56
(RS 114 100 82 49 16 (RS 130 136 118 82 23 (RS 531 510 435 326 106

Fig. 2. Kaplan-Meier curve for cumulative all-cause mortality in patients with ischemic HF by LVEF. All-cause mortality was comparable between HFrEF patients with and those without
residual stenosis. In contrast, it was significantly higher in HFmrEF and HFpEF patients with residual stenosis as compared with those without it. HF; heart failure, HFmrEF, heart failure
with mid-range ejection fraction; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; LVEF, left ventricular ejection fraction; RS,

residual stenosis.
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Table 2
Unadjusted and adjusted hazard ratio of residual stenosis for all-cause death in patients
with ischemic heart failure.

Unadjusted
HR (95%CI) HR (95%CI) P value

1.95(1.37-2.80) <0.001 1.52(1.18-1.97) 0.001
1.35(0.59-3.06) 0.476 1.04 (0.62-1.75) 0.885
( )
(

Adjusted

P value

Overall population
Patients with HFrEF
Patients with HFmrEF
Patients with HFpEF

4.63 (1.07-20.14) 0.041 3.90 (1.57-9.69) 0.003
1.95(1.17-3.26)  0.011 1.47 (1.07-2.03) 0.019

Adjustment was performed by inversed probability of treatment weighted (IPTW)
method with propensity score, using the following factors; age, anemia, atrial fibrillation,
body mass index, BNP levels, chronic kidney disease, current smoking, diabetes mellitus,
dyslipidemia, heart rate, hypertension, LVEF, previous M, previous stroke, residual coro-
nary stenosis, SBP, sex, use of beta-blocker, ACEI, ARB, statins, and antiplatelets.

ACEI = angiotensin converting enzyme inhibitors; ARB = angiotensin II receptor
blockers; BNP = B-type natriuretic peptide; HFmrEF = heart failure with mid-range ejec-
tion fraction; HFpEF = heart failure with preserved ejection fraction; HFrEF = heart fail-
ure with reduced ejection fraction; LVEF = left ventricular ejection fraction; SBP =
systolic blood pressure.

follow-up time between the 2 groups had minor prognostic impact.
Second, in the CHART-2 Study which is a cohort study for patients
with HF, we had no data about angina status (e.g. CCS class) or prior
PCI procedures (e.g. stenting or ballooning). Moreover, in the CHART-
2 study, since treatment decision for revascularization strategy were
left to attending experienced cardiologists in each institution, we were
unable to determine why complete revascularization was not attempted
in individual patient with RS. Third, in the present study, no data were
available concerning myocardial viability or myocardial ischemic burden.
It was previously reported that myocardial viability and ischemic burden
are strongly associated with improvement of survival by revascularization
in CAD patients [6,7]. Moreover, guidelines for PCI recommend us to
assess myocardial viability to decide the therapeutic strategy in CAD
patients [34]. The presence or absence of myocardial viability or myocar-
dial ischemic burden in the territory perfused by the coronary artery with
RS could affect the results of the present study. Actually, our finding that
the prognostic impact of RS was documented in patients with ischemic
HFmrEF and HFpEF, but not in those with HFrEF, suggests the importance
of myocardial viability. Fourth, the present study was conducted as an ob-
servational design, and the management decisions were left to the discre-
tion of each attending physician. Although we performed propensity
score-matched analysis to adjust for potential confounders between the
patients with and those without RS, the observational nature of this
study might limit its validity. Fifth, although anatomical definition for RS
was used in several previous studies [9,10], due to the large-scale nature
of the present study with many hospitals, no data were available regard-
ing length of the lesion, morphology, dominancy of the vessels, presence
of collaterals, or atherosclerotic burden patterns. Thus, we were unable to
assess the degree and complexity of RS quantitatively with residual
SYNTAX score or SYNTAX revascularization index, which are useful for
predicting the mortality [29]. Moreover, no functional assessment such
as FFR was not carried out in the present study. Sixth, it the present
study, we did not examine the impacts of antithrombotic therapies essen-
tial for the management of ischemic heart disease. In particular, as
discussed in the COMPASS and COMMANDER HF trials [35,36], the effec-
tiveness of direct oral anti-coagulants in ischemic HF patients remains to
be controversial. The present findings could help to classify the candidates
who could benefit from the new antithrombotic therapy among ischemic
HF patients with prior PCI.

5. Conclusions

In patients with ischemic HF, the prognostic impact of RS after PCI
varies according to LVEF. RS after PCI is associated with poor prognosis
in patients with HFmrEF and HFpEF, indicating that HFmrEF and
HFpEF patients with RS could benefit from further revascularization.
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